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INTRODUCTION

This package contains two programs to calculate CIPW norms following the
technique of H. S. Washington (1917). Program 1 gives a short version of the
CIPW norms and is faster (taking about 2 minutes per analysis). To use
Program 1, the operator must initially read two program cards into the
calculator, and after that, all rock analyses can be run without reading any
more cards. Program 2 gives a complete CIPW norm analysis, but it is more
cumbersome and slower (taking about 5 minutes per analysis). Program 2
consists of five cards which must be read into the calculator for each
separate analysis.

Program 1 uses only the most commonly reported components in a rock
chemical analysis: 5102 A1203, Fe203 Fe0, MgO, CaO, NaZO Ko o, TiO% P,05,
MnO, and COy, The norm is calculated water free and is adJusted to 100%. Many
rock analyses encountered in practice and in literature can be handled by this
program. Rocks that are Si0, and Al,03 saturated or oversaturated and that
contain no excess CO, and P,05 can be safely handled by program l. Program 2
should be used when the rock contains nepheline or other feldspathoids,
rutile, sodium pyroboles, melilites, exotic salts or carbonates, or minor
amounts of heavy phosphates (monazite, xenotine, etc.).

Both programs are written Tor use with the Texas Instruments PC~100A
printer. If a printer is not available, the program can be modified by
replacing all "PRT" statements with a "R/S". The user may then copy the
output at his own pace.

PROGRAM 1 = SHORT CIPW NORMS

This program is a translation from an earlier program written for the
Hewlett-Packard Model 67/97 calculator by D. H. McIntyre, U.S. Geological
Survey (1978, written communication). The Hewlett-Packard program is an
abbreviated version of the computer program M00l6, "General Rock Norm
Analysis” formerly used by the U.S. Geological Survey.

The following abbreviations for the normative minerals are used in
Program 1:

q = pormative quartz (5102)

c = corundum (Al,0

or * = orthoclase (KAiSi 0g)

ab = albite (NaAlSi,0

an = anorthite (CaAi281208)

cc = calcite (CaC0,)

ap = agpatite (Ca F?PO4)3)

il = jlmenite (FeTiO )

hm = hematite (Fe,04

mt = magnetite (Fe30,)

di = diopside (Ca(Mg,Fe)(Si03),)
hy = hypersthene ((Mg,Fe)SiO3)
ol = olivine ((Fe,Mg),5i0,)

ol ~ fa = olivine - fayalite (FeZSiO4)



ol - fo = olivine - forsterite (Mg,Si0,)

hy - fs = hypersthene - ferrosilite (FeSiO3)

hy - en = hypersthene - enstatite (MgSiO )

di - fs = diopside - ferrosilite (iron component of diopside)

di - en = diopside - enstatite (magneisum component of diopside)
di - wo = diopside - wollastonite (calcium component of diopside)
wo = wollastonite (CaSiO3)

The program performs the following operations for quartz normative rocks
with calculations done in molar amounts:

FeO

= Fe0 + MnO

If FeO Z_Tioz, then

Fel
il =

= Fe0 - Ti0y,
Tioz .

If FeO <—'1.*1o2 then

TiOZ = TiOZ - Feo’

il = FeO, - Excess TiO, is not alloted
and FeO = 0. for rutile.
If Fe203.Z_FeO, then

mt = FeO,

!!E = Fe203 - FEO;
and fs = 0. -
If F3203 < FeO then

mt = Fe 0

fs = FeO - %e203,

and hm =

0.

Ca0 = Ca0 - 10/3 P,05 - CO, or Al,04 < K,0 3 Na,0,
ap = Py0g then a negative value for
cc = 002 anorthite could occur, and
A1203 = Al,03 - K,0 - Nay0 the analysis should be
or = K,0 considered invalid.
a_b = Na20

If Al,05 > Ca0, then
an = Cao0,
< = A1203 - Cao0,

and Ca0 =0

1f A1203 < Ca0, then
an =.A1203,
Ca0 = Ca0 - A1203,
A1203 = O,

and c = 0.
en = Mg0

If Ca0 > (en + fs), then
di = en + fs,
wo =Ca0 - (en + fs),
hy =0,

and "ol =0,

If Ca0 < (en + fs), then

di =

Cao,



hy = (en + fs) - Cao0,

and wo = 0.
§i0, = 8i0, - 6or - 6ab - 2an - 2di - wol - hy
WO = wo + di

If 8i0, > 0, then
= 5i0,, and skip ahead to *

If Si0, < 0, then

SiOZ = SiOz + hy.
If 2 Si0y 2> hy, then

ol = hy - SiO,,

hy = 28i0, - hy,
and SiOz = 0,
If 28i05 < hy, then

hy =0,
and §i0, = 0.
*R; = en/(en + fs)

hy — en = R; X hy

di - en = Ry x di

ol - fo =R; x ol

ol - fa = ol%-)ol - fo

Ry = fs/(en + fs)

hy - fs = Ry, x hy -
di - fs Ry x di

di-wo = di



To prepare program cards:
l. Set partitioning at 559.49 (5 op 17).
2. With calculator in LRN mode, key in all program steps.
3. Exit from LRN mode.

4, Store the following constants in the registers as shown:

MOLECULAR MOLECULAR

WEIGHT WEIGHT
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5. Press "1" "2nd” Write" and feed in side 1 of card l. Press "2" "2nd"
"Wwrite" and feed in side 2 of card 1. Press "3" "2nd" "Write" and

feed in side 1 of card 2. Press "4" "2nd" "Write" and feed in side 2

of card 2.



TITLE ___SHORT CTIPW NORMS PAGE_S _OF T] Progrommobie {%‘! -
A e
PROGRAMMER ___RANDALL LEF MACKIE"  DATE Pr ogram Record ;
Partitioning (Op 17) L 1 | Library Module Printer__________ Cards )
USER INSTRUCTIONS
STEP PROCEDURE ENTER PRESS DISPLAY -
1 REPARTITION 5 2nd ‘op 17 559.49

2 | LOAD SIDE 1 AND SIDE 2 OF CARD 1

3 | LOAD SIDE 1 AND SIDE 2 OF CARD 2

4 | SET PROGRAM FOR NEW ANALYSIS A 1
5 | ENTER ROCK ANALYSIS (wt. %) %2 Si0o B lor |R/S 2
% Al03 B lor |R/S 3
NOTE: IF MgO = O, % Fez0, or |R/S 4
SUBSTITUTE AN INFINITESMAL ZFeQ B lor |R/S 5
SMALL VALUE OR AN ERROR % Mg0 B or |R/S| [
WILL RESULT IN THE % Ca0 B lor |R/S vi
CALCULATIONS. ' % Na,0 B lor |R/S 8
, % Ko0 B or |R/S 9
% Ti0, B or |R/S 10
Z P20s B or | R/S 11
% MnO B or |R/S 12
% COoy B |or [R/S 13

6 | IF AN ERRONEOUS WALUE IS ENTERED DURING STEP| 5, PRESS "E'| (ERROR) |SUCCESSIVELY TO .

GO BACK TO THE ERRONEOUS VALUE. EACH TIME "E" IS PRESSEN, THE LAST VAIUE WILL BE
PRINTED WITH A QUESTION MARK. WHEN THE ERRONEOUS VALUE IS REACHED|, PRQCEED AS
USUAL FROM THAT POINT (ILLUSTRATED IN EXAMPLE).

7 | CHECK THE PRINT-OUT OF ENTERED VALUES TO MAKE SURE ALL ARE CORRECT. IH AN ERRONEOUS
VALUE WAS ENTERED, GO TO STEP 6. OTHERWISE,| PRESS "C" TQ CONTINUH.




TITLE  _PAGE_8_OF Tl Pogrammable F{— :

: o
PROGRAMMER : DATE Pr ogram Record i\-
Partitioning (Op 17) L. . | Library Module Printer _________ Cards

USER INSTRUCTIONS
STEP PROCEDURE ENTER PRESS DISPLAY -

THE PRINT-OUT WILL CONSIST OF:
A) THE INPUT DATA, IN THE SAME ORDER,
ADJUSTED TO 100%.

B) THE NORMATIVE MINERALS g
(wt. %) IN THE_Q.R_D_E_R - Qar.
AS SHOWN. —ab

an

NOTE: Should a negative value for anorthi;é c

occur, the CIPW analysis should be mt
considered—invatid—Firtsmigirt hm
result from any of the following:
deficiency of CaO or Al,03, or an i1
8%XC886—0E—PrOry—L0y—Kob—or—Ne0~
ap
ce
wol
, hy-en
hy-£fs
ol-fo
ol-fa
- : di-en
‘ di-fs

. : ) di-wol

8 | FOR A NEW ANALYSIS, GO TO STEP 4.

.

WARNING: DO NOT CLEAR DATA MEMORY
REGISTERS AS MOLECULAR WEIGHTS ARE
STORED IN REGISTERS 21-49.




Tme____PROGRAM 1 PAGE._7_OF Tl Programmable
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Coding Form

Tl Programmable
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PROGRAM 2 = COMPLETE CIPW NORMS

This program calculates CIPW Norms for most rocks. Five cards must be
used to run each analysis; however, the program's advantage is that it gives a
complete CIPW norm. analysis. The technique used follows that of H. S.
Washington (1917). This program is a translation of portions of the FORTRAN
subroutine NORM written by Bower (1971) and modified by Stuckless and VanTrump
(1979). This program does not adjust the totals for excess 093 also, the
weight percent water entered is used for adjusting the data and does not enter
into the calculatons. The examples given at the end of this documentation for
testing the program are from Stuckless and VanTrump (1979). This program has
been found to give results comparable to those of Stuckless and VanTrump
(1979) except for high halide samples, which were not adjusted by this program
for excess 0,.

REFERENCES

Bowen, R. W., 1971, Graphic normative analysis program: U.S. Geol. Survey
Computer Contriubtion No. 13, 80p.

Stuckless, J. S., VanTrump, G., 1979, A revised version of graphic normative
analysis program (GNAP) with examples of petrological problem solving,
U.S. Geological Survey Open—-File Report 79-1237, 112 p.

Washington, H. S., 1917, Chemical- analyses of igneous rocks: U.S. Geological
Survey Professional Paper 99, 1201 p.

The following abbreviations are used in Program 2:

q = quartz (Si0,) wo = wollastonite (CaSi03)

¢ = corundum (Al,03) en = enstatite (MgSiO,)

z = zircon (2rSiQ, fs = ferrosilite (FeSiO3)

or = orthoclase (KA1Si;0g) fo = forsterite (Mg,510,)

ab = albite (NaAlSi308 fa = fayalite (FezsiOA)

an = anorthite (CaAlySi,Og) cs = calcium orthosiliate (Cay8i0,)
lc = leucite (KyA15S1,40;,) mt = magnetite (Fe30,)

ne = nepheline Na Al, Si 08) cm = chromite (FeCr204)

kp = kaliophilite %KzAlZSiZOS) hm = hematite (Fey03)

hl = halite (NaCl) il = ilmenite (FeTiOj3)

th = thenardite (NayS0,) tn = titanite-sphene (CaTiSiOg)
ac = acmite (NazFe281401 ) pf = perovskite (CaTiO3)

ns = sodium metasilicate (Na 5i04 ) ru = rutile (TiO,)

ks = potassium metasilicate %KZSiO3) ap = apatite (CaSF(PO4)3)

fr = fluorite (Can) sd = siderite (FeCO3)

pr = pyrite (FeS,) di = diopside (ent+fs+wo-wol)

cc = calcite (CaC0y) hy = hypersthlene (ent+fs)

mg = magnesite (MgCO3) ol = olivine (fot+fa)

12



The

variable names for partitioning of normative clinopyroxene,

orthopyroxene, and olivine are as follows:

di = diopside (Ca(Fe,Mg) (5i03),)
di-wo = calcium component of diopside

di-en = magnesium component of diopside

di~-fs = iron component of diopside

wol = excess calcium clinopyroxene beyond that needed for diopside
hy = hypersthene (Mg, Fe) SiO

hy-en = magnesium component o% hypersthene

hy-fs = iron component of hypersthene

ol = olivine (Fe,Mg),Si0,

0l-fo = magnesium component of olivine

ol-fa = iron component of olivine

To prepare program card set 2:

1.
2.

3.
4.

Set partitioning at 479.59 (6 op 17).

With calculator in LRN mode, key in all program steps for card set 2
only.

Exit from LRN mode.

Press "1 2nd Write"” and feed in side 1 of the card. Press "2 2nd
Write"” and feed in side 2—of the card.

To prepare program card set 3:

1.
2.

3.
4,

Set partitioning at 479.59 (6 op 17).

With calculator in LRN mode, key in all program steps for card set
3 only.

Exit from LRN mode.

Press "1 2nd Write” and feed in side 1 of the card. Press "2 2nd
Write"” and feed in side 2 of the card.

13



To prepare program card set 1l:
le Set partitioning at 479.59 (6 op 17).
2. With calculator in LRN mode, key in all program steps for
card set 1 only.
3. Exit from LRN mode

4. Store the following constants in the registers as shown:

MOLECULAR VALUE _ REGISTER VALVE REGISTER

WEIGHT » — iy
OF; H. oy Fe, 05 157%. % =g,
a 0l 13%. 5 =
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=4 0. GE

2z 0. 47

e a. 43

it 0. 43

E; . S

5. Press "l 2nd Write" and feed in side 1 of card 1. Press "2 2nd
Write" and feed in side 2 of card l. Press "3 2nd Write"” and feed in side 1

of card 2. Pres "4 2nd Write" and feed in side 2 of card 2.
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To prepare program card set 4:

L. Set partitioning at 159.99 (10 op 17).

2. With calculator in LRN mode, key in all program steps for

card set 4 only.

3. Exit from LRN mode.

4, Store the following comstants in the registers as shown:
VALVE
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TITLE PAGE 16 OF |l Hrogrammable 5~_ ,
PROGRAMMER _Randall Lee Mackie - pare Progrom Record
Partitioning (Op 17) L. | Library Module Printer Cards
USER INSTRUCTIONS
STEP PROCEDURE ENTER PRESS DISPLAY
1 | Load side 1 and side 2 of card 1, card [
set 1.
2 | Load side 1 and side 2 of card 2, card
set 1.
3 Set program for new analysis A 1
4 | Enter rock analysis (wt. 7). Si02 B or | R/S 2
AlgOi . B or | R/S 3
Fey0- B | or [R/S 4
FeO B or | R/S 5
. MgO B or | R/S Y| 6
Ca0 B or | R/S 7
Na50 B | or |R/S 8
NOTE: If MgO = O, substitute K20 B or | R/S 9
an infinitesmal small value or an Hp0 B..| or |R/S 10
error will result in the Ti0, B or | R/S 11
calculations. P»0g B or | R/S 12
MnO B or | R/S 13
Zr0, B or | R/S 14
. Co2 B or | R/S|. 15
i 505 B | or|R/S 16
Cl B or | R/S 17
F B or | R/S 18
. s B | or |R/S 19
- - Crp03 B or | R/S 20
Ni0 B or | R/S 21
BaO B or | R/S 22
5 | If an erroneous value is entered during stef 5, press "E (Erfor)
successively to go back to the erroneous value. Each time "E" ig
pressed, the last value will be printed witl a question mark.
When the erromeous value is reached, proceed as usual frqm.that
point (illustrated in example),




TIMLE PAGE 17 _OF Tl Pogrammcble i!j\;m ]
PROGRAMMER __Randall Lee Mackie:  pate Progrom Record "\~
Partitioning (Op 17) Lo . | Library Module Printer Cards -

USER INSTRUCTIONS -
STEP PROCEDURE ENTER PRESS DISPLAY

6 |Check the print-out of entered values to make sure all ake

correct. If an erroneous value was entered} go to step j5.
O+h 2 [1Talll . . A

data normalized to 100% will then follow.

7 When calculations for card set 1 are finished, a """ willl

appear in the display. Load side 1 and sidL 2 of card st

2. Press "C" to continue.

3 When calculations for card set 2 are finished, note whether

a ""3" or a "9" appears in the display. Loai side 1 and [side|2 of

card set 3. If the display showed a "3", pyess "C" to cpntigue.

If the display showed a "9", press "E" to c¢ntinue. This stip

shifts the program flow depending on whethet the rock hak a

silica deficiency. _

9 | When calculations for card set 3 are finishe¢d, a "4" willl appear

in the display. Repartition the calculator|to 10 2nd Op 17 (159.99),

then load side 1 and side 2 of card set 4, press "C" to fcontinue.

10 | The normative minerals (wt. %) are printed in the following ¢rderf:

1. g 12, ac 23. hm 34. ol-fa

2. c 13. sns 24. il 35. ol-fo
3. zZ 14. ks _ 25, tn 36. hy-fs
4. _or 15. wo 26. _pf 37. hy-en
_ 15, ab 16. _en  27. ru 38. di-fs
6. an 17. f£s 28. ap 39. di-en
7. lc  18. fo 29. =fr %Q. di-wo
8. ne 19. fa 30. pr 41. di
9. kp 20. cs 3l. cc 42. hy
10. hl 21. mt 32. mg 43. ol

11. th 22. cm 33. sd 44. wol




TITLE __ CIPW Jorms PAGE 18 OF Tl Progrommob!e I e

o
PROGRAMMER __Randall Lee Mackie - DATE Pr ogram Record ;
Partitioning(Op17) L. . . , | Library Module Printer__________ Cards )
USER INSTRUCTIONS
STEP PROCEDURE ENTER PRESS DISPLAY -
i

11 For a new anmalysis, turn the calculator off |and then omn, |and Eo tg

step 1.

12 | As the program is written, the pripnt-out at |

significant figures after the decimal point.

print-out format, the user cam change the "F

at steps 03 and 04 of Card Set 3 as desired.

NOTE: Should a negative value for amorthite |occur, the CIPW
analysis should be considered invalid) This might|resylt

from any of the following: deficiency of Ca0 or ALZOS, or

an excess of P,0., CO,, K,0, or Na,0.
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Tl Programmable
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Tir,e__PROGRAM 2, CARD SET 1 paGE_20 OF

PROGRAMMER

DATE

Tl Programmable

Coding Form
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Tl Programmable

PAGE_21 OF

Tirte_PROGRAM 2, CARD SET 1

Coding Form
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Tl Programmable
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PAGE 23 OF

PROGRAM 2, CARD SET 2
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TimLte__PROGRAM 2, CARD SET 3 page_28 oF Ti Progrommoble {@?
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